Objective description of clinical characteristics of patients, their physiological and hemodynamic parameters during right heart catheterization in the center of pulmonary hypertension in Ukraine.

Material and methods. The procedure fof the right heart catheterization according to national and international protocols was performed in 108 patients with intermediate or high probability of pulmonary hypertension according to expert echocardiography. Physiological evaluation at the time of diagnosis includes a 6-minute walk test, a NTpro-BNP level, and an expert echocardiography with expanded protocol and an assessment of the right ventricular function.
Results. We confirmed the presence of pulmonary hypertension in 94 patients (90.4%). During the diagnosis, 67% of patients with pulmonary hypertension had functional class III and 8% -functional class IV, 75% of patients had functional class III or IV. 67 patients
Background. Pulmonary arterial hypertension (PAH) is a group of rare chronic progressive diseases with a very poor prognosis. According to all international guidelines currently a catheterization of the right heart and the pulmonary artery (RHC) is the only reliable method of confirmation of the diagnosis of PAH [1, 2] . Besides a direct measuring of the mean pressure in the pulmonary artery (mPAP) and pulmonary artery wedge pressure (PAWP) during RHC procedure it is possible to measure a level of cardiac output by the direct method (most often with thermodilution) and calculate the level of pulmonary vascular resistance (PVR) and evaluate the mixed venous blood oxygen saturation (SvO2) [2, 3] . The degree of PVR alongside with the level of mPAP are keys for PAH diagnosis verification and the levels of cardiac output (CO) and SvO2 are the important prognostic markers of disease [4, 5] . The incomplete RHC assessment is linked to a higher likelihood of misdiagnosis and inappropriate treatment in PAH.
In recent decades, due to the technical difficulties (lack of Swan-Ganz Catheter registration, centralized state purchases of medical equipment etc.) in Ukraine RHC procedure has been performed in reduced practice without measuring PAWP, direct determination of the cardiac output and the correct calculation of the systemic and pulmonary hemodynamics. Vast majority of patients in Ukraine had not undergone RHC even with reduced protocol. Considering the features of PAH patients in Ukraine (delay in the referral, errors in diagnosis, lack of drugs for specific therapy for most patients, the lack of follow-up, etc.), we could expect that those patients are basically different from the EU countries and the USA. The aforementioned conditions challenge the data accumulated during RHC in this group of patients in Pulmonary Hypertension Center in NSC "Institute of cardiology n.a. Acad. M.D. Strazhesko" over the past 3 years. We did no found information on similar domestic research in the available literature.
Objective. The aim of this study was to describe patients' clinical characteristics and physiological and hemodynamic parameters at the time of RHC in a pulmonary hypertension center in Ukraine.
Methods. We performed RHC procedure according to the National and international guidelines protocol in symptomatic 108 patients with intermediate or high probability of PH according to the expert echocardiography [1, 2, 3, 6] . In 4 cases we repeated procedure of RHC after 4 and 10 months because clinical worsening and confirm this by hemodynamic data. Physiological assessment at the time of diagnosis includes six-minute walk test (6MWT), NTpro-BNP level, and expert EchoCG with extended protocol with evaluation for pericardial effusion and right ventricular function (TAPSE score). Proportion of patients in subgroups of pulmonary hypertension and without PH is displayed in the Fig. Majority of our patients were with IPH (39,4%), CTEPH (24,1%) and CHD (14,4%). We did not performed RHC in patients with open ventricular septum defects or similar conditions when presence of PAH was clear and therefore several proportion of patients with CHD referred to our center did not underwent RHC procedures.
Descriptive statistics in terms of mean, standard deviations and percentages were used to describe characteristics of the studied patients. After assessment of normality distribution of variables, Student t-test and ANOVA test were used if data had normal distribution. A P-value less than 0,05 was considered a significant test. SPSS version 17 was used for all statistical analysis.
Results and discussion. Table demonstrates demographic, clinical and RHC data. The mean age at diagnosis was 45,8±1,5 years, and there was a female preponderance of 72%. The mean duration between symptoms onset and diagnosis was 11,7±0,4 months. We confirmed presence of PH in 94 patients (90,4%) and rejected diagnosis of PH in 10 cases (9,6%). In half of them was a suspicion of IPAH and in others was a suspicion of CTEPH. At the time of establishing of diagnosis, 67% of patients with PH were in functional class III and 8% were in functional class IV; totally more that 75% of patients had III or IV WHO class.
Only in 67 patients RHC was performed before prescription of specific PAH therapy and other 27 patients already received PAH specific therapy without confirmation of PAH diagnosis. In 4 cases after RHC this type of very expensive treatment was withdrawn and in almost other cases was corrected: calcium channel blockers were administrated in patients with positive test with vasodilator or we did escalation of specific therapy in proper conditions. All our patients with confirmed PH had signs of poor physiological conditions: low distance in 6MWT, markedly elevated mRAP, SPAP, DPAP and mPAP, decreased cardiac output and compromised right ventricular function (low TAPSE) with dramatically elevated PVR. We noted that the difference between measured mPAP and calculated by EchoCG data more than 10 mm Hg in both sides was in 75 (79,8%) patients.
In comparison with international registers our data show more severe level of PH and more profound changes of hemodynamic parameters that are typical for late stages of disease [7, 8, 9, 10] . Fig. Proportion of patients in subgroups of pulmonary hypertension (%): IPAH -idiopathic pulmonary arterial hypertension; CTD -connective tissue disease associated PAH; CHD -congenital heart disease associated PAH; CTEPH -chronic thromboembolic pulmonary hypertension;
HIV -human immunodeficiency virus associated PAH, NOAS -nocturnal obstructive apnea syndrome
The safety profile of right heart catheterization in patients with pulmonary vascular disease is well documented: from the largest dataset (n=7,218) analyzing complications in association with RHC studies, the procedural fatality rate was 0,055% and serious adverse event rate was 1,1%, which, aside from the fatalities, were generally mild to moderate in severity and largely confined to localized hematoma at the vascular access site [7] . In our series of patients in 5 patients (5,3%) was wrong carotid puncture without further clinical consequences. None of our patients needed blood transfusion or infusion therapy. We also did not observe temperature reactions and infectious complications and catheter introducer was removed immediately after the procedure. In addition to carotid puncture during catheterization was observed a small hematoma around the site of puncture in 8 patients (8,5%), despite that in all patients receiving oral anticoagulants we canceled them at least 48 hours before the procedure. Thus, the number of complications in the performance of PCC in this series of patients was comparable to mentioned above international registry.
The present study describes the characteristics of PAH in the largest population of patients in Ukraine to date. In comparison with other countries our patients still present very late in the course of the disease, and the majority of them display severe physiological and hemodynamic compromise. Despite clear recommendations on the use of RHC, best practice differs from guidelines. Importantly, the consequences of not performing a right heart catheterization to diagnose the etiology and initiate treatment of the pulmonary vascular disorder can have a significant impact on patient care and perpetuate health care providers misunderstanding of the natural course of the disorder. Our experience demonstrated that the absence of accurate hemodynamic measurements lead to a misdiagnosis with overprescribing or in some cases underprescribing PAH-specific medications that may lead a patient to search for alternative therapies lacking demonstrated efficacy that can produce physical harm, emotional distress and economic hardship [1, 3, 11] . Our data demonstrated that steps to improve the quality of care of patients with PAH are being implemented by the Pulmonary Hypertension Association through patient and physician education and designation of pulmonary hypertension care centers. FC -functional class; mRAP -mean right atrium pressure; SPAP -systolic pulmonary arterial pressure; DPAP -diastolic pulmonary arterial pressure; mPAP -mean pulmonary arterial pressure; PAWP -pulmonary artery wedge pressure; PVR -pulmonary vascular resistance; TAPSE -Tricuspid annular plain systolic excursion; SvO2 -mixed venous blood oxygen saturation, * -p < 0,05 in comparison between groups.
Conclusion. RHC remains the only technique for reliably and definitively diagnosing PAH, and in adult patients is associated with a low risk of serious complications. Cardiac catheterization remains necessary to establish the diagnosis of PH and to assess pulmonary hemodynamic state and evaluate the prognosis. Furthermore, there is a clear need to follow the standardized protocols and in further improve regulation to achieve optimal application of RHC, with resulting positive implications for
